Echocardiographic studies were performed on 39 adult patients with atrial septal defects. Findings were compared with those from normal subjects, patients with other congenital left-to-right shunts (ventricular septal defect and patent ductus arteriosus), patients with uncomplicated right ventricular pressure overload (pulmonic stenosis and pulmonary hypertension), and patients with pulmonary hypertension complicated by tricuspid regurgitation. Two echocardiographic features were assessed: 1) a right ventricilar dimension, or RVD Index, representing the distance between the right ventricular epicardial echoes and echoes from the right side of the interventricular septum divided by the patient's body surface area, and 2) motion of the interventricular septum.
raphy might be of value in the diagnosis of an atrial septal defect.9 In this study, it was noted that patients with atrial septal defect not only had large right ventricles, but they also exhibited abnormal motion of the interventricular septum.
We designed the present study to determine the usefulness of echocardiography in evaluation of patients with suspected atrial septal defects. In so doing, we attempted to answer the following questions: 1) How specific are the echocardiographic findings in patients with an atrial septal defect? Can the echocardiogram distinguish patients with an atrial septal defect from normal individuals, from patients with other common congenital cardiac defects causing a left-to-right shunt, from patients with a pressure overload of the right ventricle, and from patients with other forms of right ventricular volume overload? 2) How sensitive is echocardiography in detecting patients with atrial septal defects? 3) Can echocardiography provide any quantitative assessment of the degree of left-to-right shunt in patients with atrial septal defects? 4) Can the echocardiogram distinguish between an ostium primum and an ostium secundum type defect? 5) What effect does an elevated pulmonary vascular resistance have on the ultrasound findings in patients with atrial septal defects? Methods The patients studied consisted of five groups. The first group was composed of 30 healthy subjects, ranging in age from 18-35 years, who served as controls. The second group consisted of patients with atrial septal defects. Of as the left septal (LS) echoes, the RS echoes were satisfactory for measurement of the RVD. All measurements were made in end-ventricular diastole as determined from a simultaneous electrocardiogram. The right ventricular dimension was divided by the subject's body surface area, which provided an RVD Index expressed in Cm/ m2. The RVD measurements were made independently by two persons, and results were vithin 0.5 cm of each other. Secondly, motion of the interventricular septum was assessed. Description of septal motion in this study refers to LS motion. Three patterns of septal motion were noted. Normal motion, type N, is illustrated in figure 1 . The LS echoes move anteriorly during atrial contraction and isovolumetric ventricular contraction. With the onset of ventricular ejection, the LS echo moves posteriorly unitil shortly after inscription of the T wave of the electrocardiogram. Frequently a "notch" was nioted in the LS echo just before the echo again moved anteriorly during ventricular diastole. Two patterns of abnormal septal motion, types A and B, were observed. Type A motion was manifested by both the LVW and LS echoes moving in the same direction, anteriorly, during ventricular figure 4 .
Results
In the normal subjects the RVD Index ranged from 0.3 to 1.1 cm/M2, with a mean value of 0.7 cm/rn2. For males the mean value of 0.8 cm/M2 (range 0.5-1.1) was not significantly different from the mean value of 0.6 cm/m2 for females (range 0.3-1.1). All normal subjects demonstrated type N interventricular septal motion.
Of the 33 patients with ostium secundum atrial septal defects, 28 had normal or low pulmonary vascular resistance (PVR) (normal range in this laboratory was 0.6-2.3 units). The remaining patients had PVR values of 2.5, 3.7, 3.9, 12.8, and 18.6 units.
Regardless of the PVR, all patients with ostium secundum atrial septal defects had an increased RVD Index ( (1) no mitral insufficiency; (2) mild mitral insufficiency; (3) moderate mitral insufficiency. PVR = pulmonary vascular resistance; Pul/Syst flow = pulmonic/systemic blood flow ratio. temic flow ratio. When the RVD Index was plotted against the pulmonary blood flow, a correlation coefficient of 0.52 (P<0.01) was found. As a measure of sensitivity, it should be noted that five patients with normal PVR had A no cath * *Classic physical findings of tricuspid regurgitation. PS = pulmonic valvular stenosis; PH-emboli = chronic pulmonary hypertension due to pulmonary emboli; IPH = idiopathic pulmonary hypertension; RHD w/MS = rheumatic heart disease with mitral stenosis; Pul. Fib. = pulmonary fibrosis; RV = right ventricle; Peak resting gradient = across pulmonic valve; TR = tricuspid regurgitation; Unsat. = unsatisfactory.
genital pulmonic valvular stenosis. Six of these patients had normal echocardiograms manifest by RVD Index values ranging from 0.5 to 1.1 cm/M2 and type N septal motion. The remaining two patients with pulmonic stenosis, who had resting pressure gradients across the pulmonic valve of 125 and 182 mm Hg, respectively, had increased RVD Index values, but the septal motion was also type N. There were, in addition, six patients with pulmonary hypertension with uncomplicated right ventricular pressure overload. All six patients had increased RVD Index values. Three patients were in congestive heart failure, manifest by increased right ventricular end-diastolic and right atrial mean pressures. With the exception of patient B.M., the RVD Index was highest in those with heart failure. Septal motion was type N or normal in these patients with pulmonary hypertension. Undoubtedly, further studies are necessary for an explanation of the mechanism for these echocardiographic changes. Nonetheless, these findings seem to be quite specific for right ventricular volume overload, and they should be very useful in the evaluation of patients with a suspected atrial septal defect. Thus, echocardiography should be of distinct value in enabling the clinician to differentiate between the normal patient and the patient with an atrial septal defect, an often difficult differential diagnosis.
